snow falling on the central parts of polar ice sheets is compressed to firn by the weight of the overlaying snow, eventually turning to ice through sintering and recrystallization (Herron and Langway 1980) . the isotopic composition of the snow deposited on the surface (a proxy for the local condensation temperature) and impurities (such as aerosols and dust particles) are preserved in this process. In addition, air is trapped in bubbles during the transition from firn to ice, and can be extracted to study, for example, past greenhouse gas concentrations. Accordingly, the top 50-120 m of an ice sheet consists of porous snow and firn, which allows the air to circulate between the surface and the top of the firn column, while diffusive processes dominate further down the firn column (Fig. 1) . Once the transformation from firn to ice is completed, the air is trapped in the ice, and the age distribution and composition of the air in the bubbles are no longer changed.
In the firn column, thermal and gravitational diffusion leads to isotopic fractionation. the isotopic composition of the gas trapped in the ice can thus be used as a temperature proxy during fast temperature changes at the surface of an ice sheet, e.g. by analyzing the 15 N/ 14 N ratio (δ 15 N) of nitrogen gas (Huber et al. 2006; Kindler et al. 2014; severinghaus et al. 1998) .
through the mixing of air in the firn column, the air entrapped in the ice is considerably younger than the surrounding ice matrix (Fig. 1) 
Duration and rates of change during D-O onsets
In Figure 2b, because they are well mixed in the atmosphere and have residence times of a decade (CH 4 ) or more (e.g. CO 2 and N 2 O). Due to gas diffusion in the firn column and the slow bubble enclosure process, fast changes of atmospheric gas concentrations are further smoothed in ice cores (Fig. 2c) . Huber et al. (2006) calculated an average duration of δ 15 N increase of 225±50 years for D-O events 9-17. δ 15 N is controlled by the width in the age distribution of the air enclosed in the ice and by the slow heat conductance in the firn column, which gets rid of the thermal diffusion signal. From the stack of D-O 2-20, we calculate a mean temperature jump of 10.1°C, and a mean CH 4 concentration increase of 70 ppb (Fig. 2c) . the increase of atmospheric CH 4 concentration at the onset of a D-O event shows a slight lag of approximately 50 years, relative to the temperature increase recorded in δ 15 N in line with the findings of Huber et al. (2006) . A direct comparison of gas parameters and ice parameters is difficult, because Δage uncertainty (50-100 years) is comparable to the observed differences of the start of the increase. the durations of the fast D-O onsets discussed above can be translated into rates of change in CH 4 concentrations and temperature. If we assume that δ 18 O documents the temporal change in surface temperature at the ice-core site (approx. 40 years; e.g. steffensen et al. 2008) and take the δ 15 N-derived average temperature increase of 10.1°C, this results in an average temperature increase of 2.5°C/ decade. Fig. 2c shows that 
